Among patients with penetrating extremity trauma, the combination of normal physical examination result (no hard or soft signs) and normal systolic blood pressure index (brachial-brachial, brachial-wrist, or ankle-brachial, depending on injury location) results in sufficiently low probability of arterial injury to obviate the need for computed tomography (CT) angiography. A lack of consensus is present in regard to hard and soft signs. An abnormal ultrasonographic result should prompt treatment without necessitating confirmatory CT angiography.
Results
The authors included 8 studies for analysis (of the initial 1,317 individual studies discovered), including 2,161 patients with 335 arterial injuries. Three studies evaluated physical examination, 5 examined ankle-brachial index, and 4 examined ultrasonography. The prevalence of arterial injury ranged from 5% to 41%. Two studies included only wounds in proximity to major vessels and excluded all other injuries. Three prospective studies provided data on the accuracy of hard physical examination findings only, with a weighted prevalence of 13.8% for arterial injury. The authors did not calculate pooled LRþ or LR-for hard signs on physical examination because of heterogeneity based on various definitions of hard and soft signs. Five prospective studies evaluated ankle-brachial index, (Table) . However, the authors were unable to calculate pooled LRþ for ankle-brachial index because of high heterogeneity. Two studies evaluated both physical examination results (including hard and soft signs together) and ankle-brachial index, with a weighted prevalence of arterial injury of 16.3%. A combined normal physical examination result (no hard or soft signs) and normal ankle-brachial index resulted in a pooled LR-of 0.01 (95% CI 0.0 to 0.10), with a posttest probability of 0%. Four prospective studies evaluated ultrasonography (weighted prevalence of injury of 18.9%), all of which excluded patients with hard signs of arterial injury on physical examination. Abnormal ultrasonographic result yielded a pooled LRþ of 35.4 (95% CI 8.3 to 151) and posttest probability of 89%. Normal ultrasonographic result resulted in a LR-of 0.24 (95% CI 0.08 to 0.72 and posttest probability of 9%.
Commentary
Penetrating extremity trauma is a common injury evaluated in the ED, with handguns accounting for 50% of femoral and popliteal artery wounds. 5 Morbidity can be severe in penetrating extremity trauma, with 3.8% mortality, 1.3% amputation rate, 11.9% fasciotomy rate, and 7.3% complication rate, including wound infection and venous thromboembolic disease. 6 This meta-analysis sought to evaluate the diagnostic accuracy of physical examination, anklebrachial index, and ultrasonography compared with a reference standard such as CT angiography, catheter angiography, or surgical exploration. The Eastern Association for the Surgery of Trauma and Western Trauma Association assessed many of the same studies retrieved by this meta-analysis in a qualitative fashion to develop their guidelines. However, this current meta-analysis quantitatively analyzed the available evidence concerning evaluation of penetrating extremity wounds for the presence of arterial injury. This quantitative analysis is a valuable contribution for emergency physicians who must understand the accuracy of diagnostic modalities for detecting arterial injuries in patients with penetrating extremity trauma.
These results have important implications for trauma management at nontrauma centers without access to surgeons capable of repairing arterial injury. Patients undergoing evaluation for penetrating extremity injury with concern for vascular management can likely avoid transfer with a normal physical examination result coupled with a normal ankle-brachial index result. All other patients should undergo either immediate advanced imaging if available (eg, ultrasonography, CT angiography) or immediate transfer to a higher echelon of care for definitive testing and management. Pretest probability for arterial injury should guide the decision for further testing versus immediate transfer when advanced imaging is available locally: we recommend that patients with a high pretest probability for injury undergo immediate transfer without confirmatory imaging.
This meta-analysis has important limitations, one of which is the heterogeneity in studies of physical examination arising from inconsistencies in the classification of so-called hard and soft signs. This heterogeneity is unsurprising, given the lack of consistency even authors independently extracted data, and if they could not obtain the necessary data directly from the publication, researchers attempted to contact the original trial investigators. Investigators calculated sensitivities, specificities, positive likelihood ratios (LRþ), and negative likelihood ratios (LR-) for all studied diagnostic modalities. The authors combined all test characteristic data with a randomeffects model to compute metaanalysis summary estimates and assessed interstudy reliability with a DerSimonian-Laird random-effects model. 1 Point estimates were made when data were highly heterogenous; thus, authors were not able to determine the LRþ for some data. Investigators estimated posttest probabilities of arterial injury according to weighted prevalence. 2 Risk of bias was assessed with the Quality Assessment of Diagnostic Accuracy Studies-2, with calculation of the k statistic to evaluate interrater reliability. 3 The authors defined low risk of bias if investigators defined the index test with specified criteria for positive ankle-brachial index and ultrasonographic results. The authors used the Pauker and Kassirer 4 decision threshold model to determine testing and testtreatment thresholds. The original study did not perform any subgroup analyses. The only sensitivity analysis performed examined the effect of removing possible outliers.
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among major trauma surgical societies in regard to their definitions. The Eastern Association for the Surgery of Trauma and Western Trauma Association practice management guidelines do not agree on the definitions of these signs. 7, 8 The Eastern Association for the Surgery of Trauma defines hard signs of vascular injury as expanding hematoma, bruit, thrill, pulse deficit, or pulsatile bleeding, 7 whereas the Western Trauma Association defines this injury as expanding hematoma, bruit, thrill, pulselessness, pallor, paresthesia, pain, paralysis, or external bleeding. 8 The Eastern Association for the Surgery of Trauma classifies soft signs as history of arterial bleeding, proximity of the wound to the artery, neurologic deficit, and nonexpanding hematoma, whereas the Western Trauma Association defines soft signs as history of arterial bleeding, proximity of the wound to the artery, neurologic deficit, and small or nonpulsatile hematoma. 7, 8 The differences in definitions are important because patients with injuries with hard signs typically proceed directly to the operating room, whereas those with absence of hard signs often undergo further examination and ankle-brachial index assessment as an adjunct. 7, 8 The literature and guidelines would benefit from consensus about these definitions. Indeed, this lack of consensus and the resulting heterogeneity across studies likely explained the authors' decision to evaluate both hard and soft signs together in conjunction with the anklebrachial index. Pending future studies with uniform definitions of these signs, it would be interesting to stratify the estimates of diagnostic accuracy according to hard versus soft signs.
This meta-analysis has several other important limitations. Many of the included studies had several potential sources of bias. Interstudy heterogeneity limited the ability of the authors to draw full test performance characteristics for the index tests. Patients considered to be at low risk often were observed and did not undergo the reference standard test; some of these patients were lost to follow-up, potentially skewing estimates of test sensitivity and specificity. Meta-analysis authors did not have access to patient-level data for all trials, and all but one study used catheter angiography as the standard. The authors assumed CT angiography is equivalent to catheter angiography, according to recent literature and guidelines. [7] [8] [9] [10] Testing these assumptions prospectively using common definitions for index testing would be beneficial. The authors did not assess rates of other outcomes in their analysis, although several complications such as venous injury or thrombosis or soft tissue infection do not require emergency surgery.
Despite these limitations, this metaanalysis provides useful information for emergency physicians evaluating patients with penetrating extremity trauma for arterial injuries, which may reduce the need to rely on CT angiography, a test requiring contrast exposure, which may delay time to definitive surgical management. In accordance with the work of Pauker and Kassirer, 4 the authors used literature-based estimates of the risks and accuracy of the various diagnostic tests evaluated in this meta-analysis and risks and benefits of interventions to treat presumed arterial injuries to define testing and test-treatment thresholds. The meta-analysis estimated that among patients with a pretest probability of arterial injury less than 0.14%, the harms of CT angiography are likely to exceed the benefits (testing threshold). The authors therefore conclude that the combination of normal physical exam and ABI results in sufficiently low post-test probability to obviate the need for CT angiography. Among patients with a pretest probability of arterial injury exceeding 72.9%, the likelihood of arterial injury and need for therapeutic intervention are sufficiently high that they outweigh risks of CT angiography (test-treatment threshold).
Conversely, this meta-analysis suggests that an abnormal ultrasonographic result in patients with penetrating extremity injuries results in a posttest probability of arterial injury (89%) sufficiently high to warrant surgical intervention without confirmatory CT angiography, although this is a conclusion that should ideally undergo confirmation with prospective clinical validation studies. 
